Single-crystal X-ray study T = 293 K Mean '(C±C) = 0.012 A Ê Disorder in solvent or counterion R factor = 0.062 wR factor = 0.190 Data-to-parameter ratio = 10.8
In the title compound, 2C 6 H 15 N 2 O 2 + ÁH + ÁNO 3 À Á2Cl À , both the monoprotonated lysinium molecules are bonded through a strong, nearly symmetric, OÐHÁ Á ÁO hydrogen bond forming a dimer. The OÁ Á ÁO distance is 2.425 (8) A Ê . Molecule I is engaged in a zigzag (Z1) head-to-tail sequence. Both chloride anions link molecules I and II through the -and 4-amino groups in an in®nite chain along the a axis. The nitrate ion shows orientational disorder.
Comment
Lysine is the one of the four amino acids having basic side chains. The crystal structure of l-lysine monohydrochloride dihydrate (Wright & Marsh, 1962; Koetzle et al., 1972) , llysine sulfate (Capasso et al., 1983) , l-lysine semimaleate (Pratap et al., 2000) and hydrogen bis[l-lysinium(+)] dichloride perchlorate (Srinivasan et al., 2001) have been reported. The crystal structure of lysine hydrochloride reacted with nitric acid, (I), was undertaken to study the effects of hydrogen bonding due to the presence of inorganic acids.
A pseudo-non-crystallographic twofold axis is observed near ( 1 4 , y, 0.41) for both the chloride anions and lysinium cations (Fig. 1) . The N atom of the nitrate group lies on this pseudo-twofold axis. The existence of pseudosymmetry is responsible for two possible orientation of the nitrate O atom and hence the large deviation from the nearly trigonal symmetry.
The asymmetric unit contains two crystallographically independent lysinium residues (I and II). The lysinium cations are characterized by two planar con®gurations, viz. the carboxylate group and the aliphatic side chain terminating at the 4-amino group. The straight chain conformation angle 2 1 is À6.1 (8) and À0.1 (9) for lysinium residues I and II, respectively. This tendency of twisting of the CÐN bond is found in various amino acids (Lakshminarayan et al., 1967) .
The average value of the four CÐCÐC angles for both molecules I and II are 112.4 (6) and 113.3 (11) , signi®cantly greater than the tetrahedral value. However, the angles C Ð C ÐC , 113.1 (6) and 120.5 (11) for the molecules I and II, are appreciably larger than the other three. The widening of this angle might be due to the steric effect of an atom hydrogen bonded to the NH 3 + group, also found in other amino acids and peptides (Leung & Marsh, 1958) . Molecules I and II have a fully extended side-chain conformation [1 1 = À167.4 (9) and À168.7 (15) , 1 2 = À178.3 (9) and À174.6 (12) , 1 3 = 175.1 (11) and 174.1 (17) , and 1 4 = À178.0 (9) and 174.3 (14) , respectively].
Both the lysinium molecules (I and II) are cationic, with 4amino groups accepting an H atom. The two lysinium molecules are bonded with a strong OÐHÁ Á ÁO hydrogen bond [O22Á Á ÁO12 2.425 (8) A Ê ]. The equality of the CÐO distances of molecules I and II within signi®cant limits [1.223 (7) and 1.217 (9) A Ê , and 1.267 (8) and 1.274 (9) A Ê ] suggests that the hydrogen linking I and II is equally shared by I and II. Hence, this hydrogen bond may be termed a symmetric hydrogen bond, since the two cations are related by non-crystallographic pseudo-twofold symmetry and the H atom is on the pseudoaxis. The O12ÐH2 and O22ÐH2 distances [1.06 (11) and 1.38 (11) A Ê ] are nearly equal within signi®cant limits. Hence, the symmetric hydrogen-bonded lysinium dimer thus formed carries a net positive charge, as found in l-phenylalanine lphenylalaninium perchlorate (Srinivasan & Rajaram, 1997) .
A zigzag (Z1) head-to-tail sequence is present in molecule I, since the N11ÐH11AÁ Á ÁO11( 1 2 + x, 3 2 À y, 1 À z) bond connects two 2 1 -related amino acids (Vijayan, 1988) . But in the case of lysinium molecule II, the -amino group has hydrogen bonds with chloride anions only. The chloride anion (Cl1) links the -amino nitrogen of lysinium molecule I through a hydrogen bond in an in®nite chain running along the a axis and chloride anion Cl2 links the 4-amino nitrogen in an in®nite chain along the a axis. Similarly, in lysinium molecule II, the -N atom is linked by chloride anion Cl2 through a hydrogen bond in an in®nite chain along the a axis and the 4amino nitrogen is linked by chloride anion Cl1 in an in®nite chain along the a axis. Besides this, the nitrate anion links the 4-amino N atoms of both molecules I and II.
As shown in Fig. 2 , the two hydrophilic layers about the y = 1 4 plane are connected by hydrogen bonds involving nitrate and chloride anions. The aggregation of the hydrophilic double layers is interspersed by the hydrophobic side chain across the y = 1 2 plane.
Experimental
The title compound was crystallized from an aqueous solution of a 2:1 stoichiometric ratio of L-lysine hydrochloride and nitric acid by slow evaporation. Packing diagram of (I) viewed down the a axis.
Crystal data

Figure 1
The molecular structure of (I) with the atom-numbering scheme and 50% probability displacement ellipsoids (Johnson, 1976 
Absolute structure: Flack (1983) , 714 Friedel pairs Flack parameter = 0.2 (2) Table 1 Selected geometric parameters (A Ê , ).
O11ÐC11
1.223 (7) O12ÐC11 1.267 (8)
174.3 (14) Table 2 Hydrogen-bonding geometry (A Ê , ). 
The nitrate O atoms are disordered due to the presence of pseudotwofold symmetry. The site-occupation factors for O1/O2/O3 and O1 H /O2 H /O3 H are 0.54 (1) and 0.46 (1). Since the geometry of these disordered atoms differ signi®cantly from expected values, the DFIX constraint was used to ®x the geometry of the nitrate anion as a free variable. In the case of lysinium molecule II, atoms C23, C24, C25 and C26 showed large displacement amplitudes with unusual CÐC distances, indicating disorder. Since this disorder cannot be explained satisfactorily, these atoms were re®ned using DFIX constraints. The H2 atom involved in the symmetric hydrogen bond was located and re®ned while all the other H atoms were ®xed by geometric constraints using HFIX and were allowed to ride on the attached atom.
Data collection: CAD-4 Software (Enraf±Nonius, 1989); cell re®nement: CAD-4 Software; data reduction: CAD-4 Software; program(s) used to solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: PLATON (Spek, 1999) ; software used to prepare material for publication: SHELXL97.
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S1. Comment
Lysine is the one of the four amino acids having basic side chains. The crystal structure of L-lysine monohydrochloride dihydrate (Wright & Marsh, 1962; Koetzle et al., 1972) , L-lysine sulfate (Capasso et al., 1983) , L-lysine semimaleate (Pratap et al., 2000) and hydrogen bis[L-lysinium(+)] dichloride perchlorate (Srinivasan et al., 2001) have been reported.
The crystal structure of lysine hydrochloride with nitric acid, (I), was undertaken to study the effects of hydrogen bonding due to the presence of inorganic acids.
A pseudo-non-crystallographic twofold axis is observed near (1/4, y, 0.41) for both the chloride anions and lysinium cations. The N atom of the nitrate group lies on this pseudo-twofold axis. The existence of pseudosymmetry is responsible for two possible orientation of the nitrate O atom and hence the large deviation from the nearly trigonal symmetry.
The asymmetric part contains two crystallographically independent lysinium residues (I and II). The lysinium cations are characterized by two planar configurations, viz. the carboxylate group and the aliphatic side chain terminating at the ε-amino group. The straight chain conformation angle ψ 1 is -6.1 (8) and -0.1 (9)° for lysinium residues I and II, respectively. This tendency of twisting of the C-N bond is found in various amino acids (Lakshminarayanan et al., 1967) . The average value of the four C-C-C angles for both molecules I and II are 112.4 (6) and 113.3 (11)°, significantly greater than the tetrahedral value. However, the angle C α -C β -C γ , 113.1 (6) and 120.5 (11)° for the molecules I and II, are appreciably larger than the other three. The widening of this angle might be due to the steric effect of an atom hydrogen bonded to the NH 3 + group also found in other amino acids and peptides (Leung & Marsh, 1958) .
Molecules I and II have a fully extended side-chain conformation [χ 1 = -167.3 (9) and -168.7 (15)°, χ 2 = -178.2 (9) and -174.5 (12)°, χ 3 = 174.9 (11) and 174.2 (17)°, and χ 4 = -178.0 (9) and 174.2 (14)°, respectively]. suggests that hydrogen linking I and II are equally shared by I and II. Hence, this hydrogen bond may be termed as a symmetric hydrogen bond, since the two cations are related by non-crystallographic pseudo-twofold symmetry and the H atom is on the pseudo-axis. The O12-H2 and O22-H2 distances [1.06 (11) and 1.38 (11) Å] are nearly equal within significant limits. Hence, the symmetric hydrogen-bonded lysinium dimer thus formed carries a net positive charge, as found in L-phenylalanine L-phenylalaninium perchlorate (Srinivasan & Rajaram, 1997) .
A zigzag (Z1) head-to-tail sequence is engaged in molecule I, since the N11-H11A···O11(1/2 + x, 3/2 -y, 1 -z) bond connects two 2 1 -related amino acids (Vijayan, 1988) . But in the case of lysinium molecule II, the α-amino group have hydrogen bonds with chloride anions only. The chloride anion (Cl1) links the α-amino nitrogen of lysinium molecule I through a hydrogen bond in an infinite chain running along the a axis and chloride anion Cl2 links the ε-amino nitrogen in an infinite chain along the a axis. Similarly, in lysinium molecule II, the α-N atom is linked by chloride anion Cl2 supporting information sup-2 Acta Cryst. (2001). E57, o888-o890 through a hydrogen bond in an infinite chain along the a axis and the ε-amino nitrogen is linked by chloride anion Cl1 in an infinite chain along the a axis. Besides this, the nitrate anion links the ε-amino N atoms of both molecules I and II.
As shown in Fig. 2 , the two hydrophilic layers about the y = 1/4 plane are connected by hydrogen bonds involving nitrate and chloride anions. The aggregation of the hydrophilic double layers are interspersed by the hydrophobic side chain across the y = 1/2 plane.
S2. Experimental
The title compound was crystallized from an aqueous solution of a 2:1 stoichiometric ratio of L-lysine hydrochloride and nitric acid by slow evaporation.
S3. Refinement
The nitrate O atoms are disordered due to the presence of pseudo-twofold symmetry. The site-occupation factors for O1/O2/O3 and O1′/O2′/O3'are 0.54 (1) and 0.46 (1). Since the geometry of these disordered atoms differ significantly from expected values, the DFIX constraint were used to fix the geometry of the nitrate anion as free variable. In the case of lysinium molecule II, atoms C23, C24, C25 and C26 showed large displacement amplitudes with unusual C-C distances, indicating disorder. Since this disorder cannot be explained satisfactorily, these atoms were refined using DFIX constraints. The H2 atom involved in the symmetric hydrogen bond was located and refined while all the other H atoms were fixed by geometric constraints using HFIX and were allowed to ride on the preceding atom.
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Figure 1
Figure 2
Packing diagram of (I) viewed down the a axis. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Bis (L-Lysinium(+)) hydrogen dichloride nitrate
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) Symmetry codes: (i) x+1, y, z; (ii) x+1/2, −y+3/2, −z+1; (iii) −x+3/2, −y+1, z+1/2; (iv) x+1/2, −y+1/2, −z+1; (v) −x+1/2, −y+1, z+1/2; (vi) −x+1/2, −y+1, z−1/2; (vii) −x+3/2, −y+1, z−1/2.
